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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention.

[0001] Thisinvention relates to electronic communica-
tion devices operating in a digital mode that reduce power
dissipation.

2. Related Art.

[0002] Portable electronic devices have become part
of many aspects of personal, business, and recreational
activities and tasks. The popularity of various portable
personal electronic communications systems, such as
portable phones, portable televisions, and personal pag-
ers, is continually increasing. As the popularity of portable
electronic systems increases, so does the demand for
smaller, lighter, more powerful and more power efficient
devices. Amplification and processing of electronic sig-
nals is a function performed in many portable electronic
systems. Amplification, circuitry and semiconductor de-
vices tend to generate significant amounts of heat and
consume significant amounts of power. The continually
shrinking packaging, containing the amplification circuit-
ry and devices, has tended to reduce the ability of these
devices to dissipate heat through convection. The space
surrounding these devices has become significantly
more confined as packaging sizes shrink, thereby reduc-
ing the opportunity for convection currents to circulate
and remove heat. In addition the packaging for these
smaller, lighter electronics devices is being made, in sig-
nificant part, of materials such as plastics, that are gen-
erally lighter than metal packaging. Plastics, relative to
metals, however, generally tend to have a greater ther-
mal resistance to heat transfer. The opportunity for heat
transfer, and the cooling of the power circuitry via con-
duction, may be significantly reduced by the increasing
use of non metallic materials. Reliability of a semicon-
ductor device is generally directly related to the operating
temperature of the device, as well as the change in tem-
perature the’ device undergoes during it's period of op-
eration. For these and other reasons, manufacturers of
portable electronic systems have sought to reduce power
consumption of devices within their systems. By reducing
the power consumption within their systems, the amount
of heat generated is reduced and reliability is increased.
A benefit of reduced power consumption, in addition to
increased reliability due to reduced temperature, is an
increase in operational time. Because portable electronic
devices are commonly battery powered, a reduction in
power consumption may translate into a longer battery
life and more time between recharges or battery chang-
es. One method of reducing power consumption is to
employ digital designs. Digital communications systems
are, in large part, replacing analog communication sys-
tems. One reason, that digital techniques have exhibited

10

15

20

25

30

35

40

45

50

55

arising popularity over analog systems is that digital sys-
tems may offer increased performance and lower overall
power consumption than analog systems. Another rea-
son that digital systems are increasingly popular is that
digital systems generally may dissipate less power than
their analog counterparts, in accomplishing the same
functions. Digital systems may dissipate less power than
analog systems because digital systems operate using
two distinct values, often called ones and zeros. These
values are generally created by semiconductors that are
in the saturated state or the cut off state. In the saturation
state, there is current flowing through the device, but the
voltage across the device is low. Power dissipated in an
electronic device is, for the most part, equal to the voltage
across the device multiplied by the current flowing
through it. The power dissipated by a device in the sat-
uration state is the amount of current flowing through the
device multiplied times a low saturation voltage. Because
the saturation voltage of a semiconductor device is typ-
ically low, the power that is equal to the voltage times the
current is also typically low. In the cut off state of a sem-
iconductor device, the voltage across the device is usu-
ally at a maximum. In the cut off state the current through
the device, however is typically low and is commonly zero
or a low leakage current. Because the current is low in
the cutoff state, the power that is represented by the cur-
rent times the voltage is also typically low. Digital circuits
are typically in either a cutoff or saturation state during
operation, except for the times when they are switching
between states. By contrast, analog circuits generally op-
erate between the cutoff region and the saturation region,
in an area commonly referred to as the active region.
Devices that operate in the active region, generally have
significant voltage levels across them and concurrently
have significant current flowing through them. The con-
current presence of significant voltage and significant
current, in a device that is operating in the active region,
generally signifies that the product of the currents and
voltage, i.e. the power dissipated in the device, will also
be significant. Devices, that operate in an analog mode
tend to inherently dissipate more power than devices that
operatein an digital mode. Thus, designers of power sen-
sitive systems often employ digital circuits, if possible,
as one method of saving power. The first portable tele-
phones created were analog systems. They tended to
be large and require significant power sources. As port-
able designs continued to evolve, more and more phones
were designed with an increasing number of digital cir-
cuits. While significant progress has been made in elim-
inating analog circuitry within phones, the conversion to
digital circuits has not been 100% complete. There are
still circuits that are analog or have significant analog
components. In order to attempt further power savings
manufacturers are continuing to attempt to replace ana-
log sub systems with more efficient digital subsystems.
[0003] Prior art modulators are known from, e.g., WO
00/59172, WO 01/08370, EP 1 035 701, US 6 101 224,
US 5838 210, JP 02 089 440, US 5 627 499, US 5 303
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258, US 5534 827.
SUMMARY

[0004] Power amplifiers, as used in portable commu-
nication devices, are commonly analog circuits that con-
sume significant amounts of power. One circuit employs
a class D digital amplifier instead of an analog power
amplifier. With a class D digital amplifier, a modification
of the power output is achieved by changing the duty
cycle of the amplifier. In this way the amplifier's output
may be changed depending on the output power require-
ment of the amplifier. Portable communication devices
typically have a significant amount of analog circuitry in
for modulation. The modulation circuitry incorporates os-
cillators and linear phase shift circuits to accomplish sig-
nal modulation. This invention also employs a digital ver-
sion of a phase shift modulator for providing phase shift
keying modulation. Phase shift keying modulation within
portable phones is often provided with circuitry containing
a significant number analog elements. A programmable
divide modulator may be used to provide digital phase
shift keying modulation. The programmable divide mod-
ulatoris used, in the third embodiment, to replace circuitry
containing analog elements. Because the improvements
disclosed in the illustrated embodiments are primarily
digital, power consumption may be reduced and reliability
enhanced, compared with higher power consuming an-
alog versions. Other systems, methods, features and ad-
vantages of the invention will be or will become apparent
to one with skill in the art upon examination of the follow-
ing figures and detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0005] The components in the figures are not neces-
sarily to scale, emphasis instead being placed upon il-
lustrating the principles of the invention. Moreover, in the
figures, like reference numerals designate correspond-
ing parts throughout the different views.

Fig. 1 is a Prior Art block diagram representing a
system environment in which embodiments of the
invention may be used.

Fig. 2 is a Prior Art block diagram of the transmit
portion of a portable phone showing the output signal
when the phone is near a base station contrasted
with the output of a distant portable communication
device.

Fig. 3 is a graphical illustration of how a class D am-
plifier may generate the "near" and "far" signals.
Fig. 4 is a graphical illustration of a conventional rep-
resentation of binary, as 180° phase shifts, in a Bi-
nary Phase Shift Keying ("BPSK") signal.

Fig. 5 is a general block diagram of a conventional
mechanism for generating BPSK signals.

Fig. 6 a graphical representation, often referred to
as a constellation, of conventional signal phase and
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data encoding of a Quadrature Phase Shift Keying
("QPSK") waveform.

Fig. 7 is a block diagram of a common phase and
amplitude alignment scheme for a Phase Shift Key-
ing (PSK) modulated signal.

Fig. 8 is a block diagram representation of a quad-
rature phase shift keying signal separated into am-
plitude and phase portions.

Fig. 9 is a block diagram illustrating the digital com-
bination of average power output and amplitude
modulation.

Fig. 10 is a graphical illustration of waveforms and
how they may be selected and altered in order to
create a digital version of a Delta-Sigma modulator.
Fig. 11 is a block diagram of a digital programmable
divide modulator of the type.

Fig 12 is a block diagram, of an embodiment of the
invention, thatincludes a digital modulator and a dig-
ital output amplifier.

DETAILED DESCRIPTION

[0006] Embodiments of the invention relate, generally,
to power dissipation within communications devices, and
in particular embodiments to power dissipation within
personal portable communication systems. Communica-
tion systems may be employed in a variety of portable
electronic devices. Communication systems typically in-
clude one or more portable units that transmit and/or re-
ceive from one or more remotely located transmitter
and/or receivers. In many portable communications ap-
plications it is desirable to reduce the power dissipation
within the internal electronics. Reducing power dissipa-
tion may increase the reliability of the electronic device.
In a Phase Shift Keying (PSK) modulation process, the
transmitted information is contained in the phase of the
transmitted signal. In other words, the phase of a PSK
signal changes depending on the information to be con-
veyed. Multiple variants of phase shift keying are com-
monly used to convey information in wireless communi-
cation devices.

[0007] Fig. 1is a Prior Art block diagram illustrating a
system environment used with example embodiments of
the invention. In Fig. 1, a wireless communication device
101 communicates, using a communications channel
103, with a base station 105. The base station 105 cou-
ples the communications from the wireless communica-
tion device into the land based phone system 107.
[0008] Fig. 2 is a block diagram containing an illustra-
tion of the transmit portion of a wireless communication
device. The device may have a microphone input 201 for
the inputting a user’s voice. The microphone input 201
may convert the sound waves of the user’s voice to an
electrical signal, for processing in the input processing
block 203. The signal is processed in the input processing
block 203 and then is sent to the modulator 205, where
the signal combines with a carrier signal. The modulated
signal is then sent to a frequency shifter 207, thatincreas-
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es the frequency of the modulated signal to the broadcast
frequency of the device, thus creating a broadcast fre-
quency signal. The broadcast frequency signal is then
sentto an RF amplifier 209, where itis amplified and then
sent to an antenna 211 for broadcast as an output signal
213. The amplitude of the broadcast signal will vary de-
pending on whether the wireless communication device
101 is far from or near to the base station 105. If the
device 101 is near to the base station a near signal 217,
that is a comparatively low amplitude signal when com-
pared with the output signal Range 215 is generated. If
the device 101 is farther from the base station, a far signal
219is generated. The far signal 219 is of a comparatively
higher amplitude signal than the near signal 217. Chang-
ing the amplitude of the output signal, depending on the
distance of the phone from the base station, is advanta-
geous for several reasons. One reason is that power may
be conserved, when the device 101 is relatively near the
base station 105. When the device 101 is relatively near
the base station 105 it takes less power to create a read-
able signal at the base station 105 than if the device 101
were farther away. Applying the same amount of power,
toatransmitted signal, whether the base station is nearby
or farther away, would waste the limited battery energy
within the device. In addition wireless communication de-
vices may change their power so that the signal arriving
atthe base station, from the device, is relatively constant,
regardless of the distance of the device is from the base
station. Because the transmitted signals are arising at
the base station with similar power levels, it is easier for
the base station to process the incoming signals.

Digital Output Power Adjustment and Amplitude Modu-
lation

[0009] A RF power amplifier within a wireless commu-
nication device is an analog type amplifier, such as.a
class A type amplifier. Class A amplifiers typically have
a quiescent current, even when no signal is being output.
Class A amplifiers are commonly known for both ineffi-
ciency and linearity. Linearity is often a trade off with pow-
er dissipation. This trade off is especially true in the case
of the class A amplifiers, that dissipate a significant
amount of power, as compared with their output power.
Another characteristic of class A amplifiers is that they
are easily controllable to vary their output. Another type
of amplifier is a class D amplifier. Class D amplifiers op-
erate by switching between saturation and cutoff. When
the amplifier is in a saturation mode, the current in the
output of the amplifier is at a maximum. However, be-
cause the output is saturated, there is little voltage de-
veloped at the output. Because of the low voltage across
the output, the power dissipated is minimal. When the
amplifier is in the cut off mode, the output of the amplifier
is at a maximum voltage, but the current through the out-
put is a small value, typically a leakage current or zero.
The class D amplifier typically varies between full on (sat-
uration) and full off (cutoff).
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[0010] Fig. 3 is a graphical illustration of how a class
D amplifier may generate the "near" and "far" signals, of
differing amplitude, such as those illustrated in Fig. 2.
The waveform 301 in FIG. 3 shows an example of the
output of a class D amplifier. The waveform varies be-
tween a minimum and a maximum of the Output Signal
Range 300. If the waveform 301, is coupled into the input
305, of an integrator circuit 303, then a waveform, such
as 309, may be seen at the output 307, of the integrator
circuit 303. The amplitude of the signal 309, no longer
swings between limits of the output signal range 300. If
the duty cycle of the waveform 301 is increased, a wave-
form such as 311 may be created. If the waveform 311
is coupled into the input 305 of an integrator circuit 303,
then a waveform, such as 313, may be seen at the output
307 of the integrator circuit 303. The waveform 313 has
a greater amplitude than the waveform 309. Because the
changing of the duty cycle of the class D amplifier results
in differing amplitude waveforms, when coupled into the
integrator 303, the output generated by the amplifier may
be changed. If the output of the class D amplifier is cou-
pled into a pulse shaping network containing a resonant
circuit, a waveform approaching a sine wave in shape
may be generated. Therefore, by modulating the duty
cycle of the Class D amplifier, a variable amplitude wave-
form may be generated.

[0011] FIG. 4 depicts a first circuit where a class D
amplifier is arranged to produce Radio Frequency (RF)
signals such that the amplitude may be controlled. This
type of control may be used in portable communication
devices to change power output depending on the dis-
tance of the portable phone to a base station receiving
its signal. The circuit illustrates two different output levels
for the communication device, termed "near" and "far."
They are used to illustrate the principle of changing RF
signal output. When the communication device is oper-
ating near to the base station, its output signal is repre-
sented by the "near" signal that is of lower amplitude than
the "far" signal. When the communication device is far
from the base station, its output signal is represented by
the "far" signal having a greater amplitude than the "near"
signal. The two levels, i.e. "near" and "far," are chosen
for illustration purposes. Other different, levels may be
used, depending on the particular scheme implemented.
[0012] FIG. 4 is a block diagram illustrating the differ-
ence in circuit waveforms in an example RF output stage
under "near" and "far" conditions. The "near" condition
400 occurs when the wireless communication device is
operating in relatively close proximity to a base station.
When the device is operating in the near condition, the
duty cycle block 402 receives a control signal 404, sign-
aling that the unit is operating in a "near" condition. The
duty cycle block 402 adjusts the duty cycle of a reference
frequency 406, so that the duty cycle is, illustratively
about 20%. The duty cycle waveform 408 is the result of
the adjustment of the duty cycle of the reference frequen-
cy to 20%. The RF amplifier 410 accepts the waveform
408 from the duty cycle 402 and produces waveform 412.
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Waveform 412 is an amplified copy of waveform 408.
The waveform 412 switches between a minimum value,
i.e. saturation of the RF amplifier 410 and a maximum
value, i.e. the cutoff of the RF amplifier 410. The output
of the RF amplifier 410 may be coupled into an RC circuit
consisting of the resistor 414 and the capacitor 416. The
waveform atthe junction of 414 and 416 is shown in graph
418. The waveform 418 has an excursion, illustratively
of about 20% of the difference between its minimum and
maximum value. The waveform at the junction of414 and
416 is further coupled into the resonant circuit 420. The
resonant circuit is tuned to the frequency of the reference
frequency 406. The output 422 of the resonant circuit 420
is a sine wave with an excursion, illustratively of about
20% of the difference between its minimum and maxi-
mum value, as shown in graph 424. The output 422 of
the output stage RF circuit for the "near" case may be
chosen to be adequate in the case where the wireless
communication device is near the base station. The "far"
condition 426 occurs when the wireless communication
device, of the illustrated embodiment, is operating rela-
tively far from a base station. When the device is oper-
ating in the far condition, the duty cycle block 402 re-
ceives a control signal 404, signaling that the unit is op-
erating in a "far" condition. The duty cycle block 402 ad-
justs the duty cycle of a reference frequency 406, so that
the duty cycle is, illustratively about 40%. The duty cycle
waveform 428 is the result of the adjustment of the duty
cycle of the reference frequency approximately 40%. The
RF amplifies 410 receives the waveform 428 from the
duty cycle block 402 and produces waveform 430. Wave-
form 430 is an amplified copy of waveform 428. The
waveform 430 switches between a minimum value, i.e.
saturation of the RF amplifier 410 and a maximum value,
i.e. the cutoff of the RF amplifier 410. The output of the
RF amplifier 410 is coupled into an RC circuit consisting
of the resistor 414 and the capacitor 416. The waveform
at the junction of 414 and 416 is shown in graph 432.
The waveform 432 has an excursion of about 40% of the
difference between its minimum and maximum value.
The waveform at the junction of 414 and 416 is further
coupled into the resonant circuit 420. The resonant circuit
is tuned to the frequency of the reference frequency 406.
The output 422 of the resonant circuit 420 is a sine wave
with an excursion of about 50% of the difference between
its minimum and maximum value, as shown in graph 434.
The output 422 of the output stage RF circuit for the "far"
case is chosen to be adequate for the case where the
wireless communication device is far from the base sta-
tion. In both "near" and "far" cases, the RF amplifier 410
is switching between saturation and cuttoff, so the RF
amplifier 410 does not operate in the inefficient Class A
mode. In addition, by changing duty cycle the RF output
422, power may be changed to accommodate both the
"near" and "far" cases. Since changing the duty cycle
may change the amplitude of the output signal, the duty
cycle block 402 may be used to amplitude modulate the
output signal. The amplitude modulation of the signal
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may take place concurrently with the accommodation of
the "near" and "far" case as discussed above. For exam-
ple, in the "near" case, the duty cycle was 20% by using
the control signal 404. If the duty cycle of the waveform
is varied between 15% and 25%, the "near" signal may
be amplitude modulated. In a like manner, in the "far"
case, the duty cycle was 40%. By using the control signal
404 to adjust the duty cycle between 35% and 45%, the
"far" signal may be amplitude modulated. In the manner
described, both the average output power level and the
amplitude modulation of then RF signal may be accom-
plished digitally. A digital combination of average power
output and amplitude modulation is illustrated in Fig. 5.
In Fig. 5, a signal representative of the desired average
power is coupled into a first input 500 and is combined
with a signal representing the instantaneous desired am-
plitude modulation coupled into a second input 502 of
the Digital Amplitude Modulating Circuit ("DAMC’) 504.
The desired average power signal coupled into the first
input 500 is combined in a summation unit 506, with the
desired instantaneous amplitude modulation signal cou-
pled into the second input 502. The output of the sum-
mation unit 506, representing the sum of desired average
power and the desired instantaneous amplitude modu-
lation, is coupled into the duty cycle controller 508. The
resulting signal output from the duty cycle controller 510,
represents a signal, the duty cycle of which is dependent
on both the average power signal at input 500 and the
amplitude modulation signal at input 502. The output sig-
nal 510 of the duty cycle controller 508 is coupled into
an integrating network comprising resistor R 512 and ca-
pacitor C 514. The output of the integrating network, the
junction of R 512 and C 514, is a waveform 516 that
contains components representative of both the average
power signal 500 and the amplitude modulation signal
502. The waveform 516 is then further coupled into a
resonant circuit 518. The output 520 of the resonant cir-
cuit 518 is a modulated RF signal having an average
power and amplitude modulation that may be controlled
digitally. The Digital Amplitude Modulating Circuit
("DAMC’) 504 may be a component in a overall digital
modulation scheme.

Digital Phase Modulation of Signals

[0013] Phase Shift Keying ("PSK") is a popular method
for modulating a carrier signal with a data signal. In PSK,
the phase of a carrier signal, for example a Sine wave,
changes depending on whether a data "1" of data "0"
transmitted. Fig. 6 illustrates a basic form of phase shift
keying commonly known as Binary Phase Shift Keying
("BPSK"). In Fig. 6, waveform 600 represents a digital
data signal. In the digital signal 600, a binary "1" is trans-
mitted in time slot 602, a binary "1" is transmitted in time
slot 604, a binary "0" is transmitted in time slot 606, a
binary "1" is transmitted in time slot 608, a binary "0" is
transmitted in time slot 610, a binary "0" is transmitted in
time slot 612 and a binary "1" is transmitted in time slot
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614. The Binary Phase Shift Keying ("BPSK") signal de-
rived from the waveform 600 is shown as waveform 616.
Between time periods 604 and 606, the data changes
from a"1" to a "0." This transition is reflected in the 180°
phase reversal, as seen at point 618, within the BPSK
signal 616. Similarly the data transitions 620, 622, 624
and 626 are reflected as 180° phase reversals at points
618, 628, 630 and 632, within waveform 616, respective-
ly. A BPSK signal may be generated by the mechanism
of Fig. 7, where a BPSK output 700 is generated by a
switch 702, that selects between a sin(x) carrier 704, and
a cos(x) carrier 706. PSK signals may have more than
two phases. Quadrature Phase Shift Keying ("QPSK")
uses four carrier phases, instead of two carrier phases,
to create the modulated signal. In general, a multitude of
phases may used create PSK modulated signals. Such
multiphase phase shift keying signals are often referred
to as Multiple Phase Shift Keying ("MPSK") signals. In
addition a signal may have further modulation, such as
amplitude modulation, impressed on it. For example,
Quadrature Amplitude Modulation ("QAM") uses four car-
rier phases and two different amplitudes as signal mod-
ulation. QPSK modulation is advantageous in that each
phase change may be used to encode more than one bit
ofdata. Commonly, in QPSK, a phase change represents
two bits of data. The two bits of data encoded within a
QPSK signal are commonly portrayed as quadrature vec-
tors, as illustrated in Fig. 8. In Fig. 8, a phase shift of 45°,
i.e. vector 800, represents bit pair 00, a phase shift of
135°, i.e. vector 802, represents bit pair 00, a phase shift
of 255°, i.e. vector 804, represents bit pair 11, and a
phase shift of 315°, i.e. vector 806, represents bit pair
01. These pairs of bits are commonly referred to as dibits
or symbols. In general, distinct information states of PSK
signals are commonly referred to as symbols. A symbol
may be larger than a dibit and may contain several bits
of information. In order to correctly recover binary data
encoded using PSK techniques, the phase of the re-
ceived signal may be compared to a reference signal.
This may be accomplished by coupling the received sig-
nal into a balanced demodulator and providing a refer-
ence signal having a frequency and phase that is approx-
imately identical to the carrier used to modulate the sig-
nal. Because of the necessity of providing a signal that
has a phase and frequency identical to the carrier signal
used in the modulation process, balanced demodulator
type circuitry may be complex and expensive. To avoid
the requirement of producing a carrier having afrequency
and phase thatis identical to the carrier used to modulate
the signal, differential PSK techniques may be used. In
Differential PSK ("DPSK"), there is no absolute phase
and, as a result, there is no requirement to provide a
carrier with frequency and phase identical to the carrier
used to modulate the signal. The binary data is recovered
from a DPSK signal by comparing the phase of the signal
being received to the phase of the previous symbol re-
ceived. Comparing a symbol to the previous symbol re-
ceived, avoids the dependency on an absolute reference.
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It is often convenient to refer to phase modulated signals
as vectors in the frequency domain rather than the time
domain. For the purpose of representing phase modulate
signals, 1/Q diagrams are often employed instead of the
traditional time domain representation. 1/Q diagrams
commonly depict Q as a vertical axis and | as the hori-
zontal axis. The | axis represents the in-phase part of the
signal vector and Q axis represents the quadrature por-
tion of the signal vector. A signal may be represented as
a vector rotating in the 1/Q plane with the length of the
vector representing the amplitude of the signal. Separat-
ing a signal into | and Q representation facilitates decom-
position of the signal into amplitude and phase compo-
nents, that may then be used to produce a broadcast
signal. A procedure of using the amplitude and phase
components of a signal to produce a PSK modulated
broadcast signal is illustrated in the block diagram of Fig.
9. The signal to be encoded is decomposed into phase
and amplitude portions in block 900. The phase signal is
then typically coupled to a modulator 902, and then into
a power amplifier 904. The amplitude signal is coupled
to a delay circuit 906. A delay is placed in the amplitude
portion of the circuit because the amplitude portion may
take longer to propagate through the circuitry than the
respective phase information. The output of the delay
906 is then used to control the amplification of the power
amplifier 904. Thus, the amplitude and the phase portions
of the signal are recombined, amplified and broadcast
by the antenna 908. A further embodiment of the inven-
tion comprises a digital method of phase modulating a
signal. Such a method may be used to replace the switch-
ing between carriers offset by a given phase, as illustrat-
ed in Fig. 7. One embodiment of the digital phase mod-
ulator is the sigma delta digital modulator 1000, as illus-
trated in Fig. 10.

[0014] Fig. 10 is a graphical illustration of waveforms
and how they may be selected and altered in order to
create a Sigma-Delta Digital Modulator 1000. Such a
modulator may be used in PSK signals such as, but not
limited to Binary Phase Shift Keying ("BPSK"), Quadra-
ture Phase Shift Keying ("QPSK"), Offset-Quadrature
Phase Shift Keying ("O-QPSK"), and Quadrature Ampli-
tude Modulation ("QAM"). Phase shift keying allows dif-
ferent signal phases to represent different symbols. Each
symbol may in turn represent a varying number of bit's
of information, depending on how many signals may be
represented. In a further embodiment, phase delays may
be used to represent the transmitted information. Phase
information 1002 is provided to the Sigma Delta Digital
Modulator 1000. The phase information comprises a se-
lection ofa 0°,90°, 180°, or 270° phase shift. The Sigma-
Delta Digital Modulator 1000 also accepts a reference
signal 1004 provided by a reference signal generator
1006. The reference signal 1004 is several times the fre-
quency of the output signal. In the illustrated embodi-
ment, the reference signal is four times the frequency of
the output signal. The 0° signal is represented by wave-
form 1008. In waveform 1008, there is no delay between
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the first cycle of the waveform 1004, and the second cycle
of waveform 1008. The waveform 1008 is generated by
dividing the waveform 1004 by four, using standard digital
techniques. The waveform 1010 is also generated by di-
viding the waveform 1004 by four, using standard digital
techniques, except that the second cycle has been de-
layed by 90° from the first, when compared with waveform
1008. The second cycle of waveform 1010 is delayed by
90°, simply by delaying the start of the second cycle of
the waveform 1010 by one cycle of the reference fre-
quency 1004. The waveform 1012 is also generated by
dividing the 1004 waveform by four, using standard digital
techniques, except that the second cycle has been de-
layed by 180°, with respect to the 0° waveform 1008. The
second cycle of waveform 1012 is delayed by 180° simply
by delaying the start of the second cycle of the waveform
1012 by two cycles of the reference frequency 1004. the
waveform 1014, is also generated by dividing the 1004
waveform by four, using standard digital techniques, ex-
cept that the second cycle has been delayed by 270° with
respect to the 0° waveform 1008. The second cycle of
waveform 1014 is delayed by 270° simply by delaying
the start of the second cycle of the waveform 1014 by
three cycles of the reference frequency 1004. By using
the phase information signal 1002 to select between a
delay of 0°, 90°, 180°, or 270°, four symbol may be en-
coded. Therefore, the Sigma Delta Digital Modulator
1000 may be used to encode QPSK, or any other 4 sym-
bol phase modulation. An output 1016, comprising a
quadrature encoded signal 1018, may be produced using
the just described Delta Sigma Digital Modulator 1000
and standard digital circuitry. A variety of types of PSK
signals may be produced by varying the frequency of the
reference signal 1004, the divide value that produces the
output signal 1018 from the reference signal 1008, and
the number of reference signal 1008 cycles that are in-
serted in the output signal 1018 as a phase delay. A fur-
ther embodiment comprising a Digital Phase Modulator
is illustrated in FIG. 11. FIG. 11 shows a Programmable
Divide Modulator ("PDM") 1100 that produces QPSK sig-
nal. Similar principles may be used in the production of
any type of PSK signal with minor circuitry variations.
The PDM 1100 accepts phase information 1102 and a
reference signal 1104 from a reference signal generator
1106. The PDM 1100 produces an output 1108 that com-
prises a phase modulated signal 1110, by accepting a
reference signal 1104 and coupling it into a series of di-
viders 1112, 1114, 1116 and 1118. Each divider has its
own divide ratio different from the other dividers, so the
frequencies out of the dividers will all be different. The
divide ratio at divider 1112 is smallest and increases at
dividers 1114, 1116 and 1118, respectively. In other
words N <N+ X <N+Y <N+ Z When the dividers
1112, 1114, 1116 and 1118 are coupled to the same
signal source, divider 1112 will be the first to have an
output, followed by 1114, 1116 and 1118. By changing
the divide ratio, the signal that is produced by divider
1114 has a period that is 90° longer than divider 1112.
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By changing the divide ratio, the signal that is produced
by divider 1116 has a period that is 180° longer than
divider 1112. By changing the divide ratio, the signal is
produced by of divider 1118 has a period that is 270°
longer than divider 1112. This means that the output of
1118 is delayed by 270° with respect to the output of
1112, the output of 1116 is delayed by 180° with respect
to the output of 1112, and the output of 1114 is delayed
by 90° with respect to the output of 1112. The phase
information 1102 is used to activate S1-(1120),
S2-(1122), S3-(1124), or S4-(1126), depending on
whether a phase of 0°, 90°, 180°, or 270° is desired.
When a pulse, from one of the dividers is actually coupled
by the selected switch to the output 1108, the output acts
as a reset 1128 to all the counters within the divider cir-
cuits (1112, 1114, 1116, and 1118), and the PDM 1100
is then reset and ready to generate the next pulse. The
PDM 1100 may be extended to any number of phase
delays by changing the reference signal 1104 frequency,
adding dividers with the correct divide ratio, and adding
selection switches to select between the dividers.

[0015] Figure 12 represents an embodiment of the
claimed invention in that a Digital Amplitude Modulating
Circuit ("DAMC"), as illustrated in Fig. 4 that is combined
with a Delta Sigma Digital Modulator ("DSDM") or a Pro-
grammable Divide Modulator ("PDM"). The connections
between the components may be purely digital, analog
or mixed. The various embodiments may be combined
with digital or analog subsystems, depending on the im-
plementation desired. For example, summation 1200 de-
picts two inputs, where an average power signal 1202 is
coupled to one input and an amplitude component signal
1204 is coupled to the other input. The summation 1200
may be implemented as an operational amplifier sum-
mation unit, if the average power signal 1202 and the
amplitude component signal 1204 are analog control volt-
ages. The summation 1200 may be implemented as a
clocked digital adder unit, if the average power signal
1202 and the amplitude component signal 1204 are dig-
ital values. The same is true of the other units illustrated
in Fig. 12. The choice of analog or digital control of the
blocks within the system is one of implementation only,
the basic functioning of the digital blocks will remain un-
changed. A PSK signal 1206 may be decomposed into
amplitude and phase components 1208. The decompo-
sition 1208 may be the same type as illustrated in Fig. 7,
at block 700. Signal decomposition of PSK signals may
be accomplished in a variety of ways, utilizing methods
well known in the art. An amplitude component signal
1204 representing the amplitude portion of the PSK sig-
nal is then coupled into the summation 1200, where it is
summed with the average power signal. 1202 to produce
a sum signal 1137. The average power signal 1202 is
representative of the average broadcast power desired.
The sum signal 1137 is then coupled into a first input of
a Digital Amplitude Modulating Circuit ("DAMC"). The
DAMC may be the same as DAMC of Fig. 4. The average
power signal 1202 represents the desired output RF pow-
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er of the system. The phase component signal 1212 out-
putfrom the decomposition 1208 is then used as a control
signal fora DSDM 1214 or a PDM 1214. The output 1214
is a digital phase modulated signal 1216, used to control,
for example digital delay 1218. Digital delay 1218 is used
to delay a periodic signal 1220 from a signal generator
1222. The signal generator 1222 may be an analog gen-
erator, such as a sine wave generator, or a digital signal
generator that outputs digital numbers equivalent to an
analog generator. If the signal generator 1222 is a digital
generator, then a digital delay 1218 may be used. In the
illustrated embodiment, two registers 1224 and 1226 are
coupled back to back. Register 1224 is clocked on the
falling edge of a waveform from the DSDM or PDM 1214
and accepts a waveform number from the signal gener-
ator when it is clocked on the falling edge of the digital
phase modulated signal 1216. The number is then stored
in register 1224 until a rising edge of a waveform from
the DSDM or PDM 1214 causes the number in register
1224 to be clocked into register 1226. Since the DSDM
or PDM 1214 provides a signal that has four different
periods representing QPSK values between falling and
rising edges, the phase of the signal 1228 produced by
signal generator 1222 is variably delayed and then cou-
pled into the amplitude modulation input of a DAMC, such
as input 502 of the DMAC of Fig. 5. The DMAC 1230
then produces an output waveform in the same manner
as that produced at output 520, in Fig. 5. If the signal
generator 1222 were analog, for example a sine wave
generator, an analog delay circuit such as that shown in
1232 may be used. The signal from signal generator 1222
would be coupled into an analog to digital converter 1234.
The output of the analog to digital converter 1234 would
then be coupled into register 1236 on the falling clock
edge of a signal from the DSDM or PDM 1214. The value
would then be coupled fromregister 1236 to register 1238
on the rising edge of a signal from the DSDM or PDM
1214. Since the the DSDM or PDM 1214, provides a sig-
nal that has four different periods representing QPSK
values between falling and rising edges, the phase of the
signal 1228 produced by signal generator 1222 is varia-
bly delayed. The output of register 1222 may then be
converted into an analog value in the digital to analog
converter 1240, and then coupled into the amplitude
modulation input, such as 502 in Fig. 5, of a DAMC 1230.
In this manner, the entire process of modulation and am-
plification of a RF signal 1242 may be accomplished with
minimal analog components. While various embodi-
ments of the application have been described, it will be
apparent to those of ordinary skill in the art that many
more embodiments and implementations are possible
that are within the scope of this invention. Accordingly,
the invention is not to be restricted except in light of the
attached claims.
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Claims

1. An apparatus for digitally producing a modulated RF
signal of a predetermined level, comprising:

a signal decomposition unit (1208) for accepting
a Phase Shift Keying (PSK) signal and decom-
posing the PSK signal into a phase component
signal (1212), and an amplitude component sig-
nal (1204);

a digital phase modulation unit (1204) for ac-
cepting the phase component signal and pro-
ducing a digital, phase modulated signal (1216);
a signal generator (1222) for providing a periodic
signal (1220);

adelay unit (1218) with afirst input for accepting
the digital, phase modulated signal, and a sec-
ond input for accepting the periodic signal, and
producing a delay in the periodic signal propor-
tional to the digital phose modulated signal thus
producing a delayed periodic signal (1228) in
that the delay is proportional to the digital phase
modulated signal;

a summation unit (1200), having a first input for
accepting an average power signal (1202), and
having a second input for accepting the ampli-
tude component signal (1204), whereby the av-
erage power signal is combined with the ampli-
tude component signal and whereby a sum sig-
nal (1137) is produced; and

a Digital Amplitude Modulating Circuit ("DAMC")
(1230) for accepting the delayed periodic signal
and accepting the sum signal and producing a
modulated radio frequency (RF) signal.

2. The apparatus of claim 1 wherein the digital phase
modulation unit comprises a Delta Sigma Digital
Modulalor ("DSDM")

3. The apparatus of claim 2, wherein the DSDM is op-
erable to receive a reference signal having a fre-
quency a predetermined multiple of a frequency of
the digital phase modulated signal and to generate
the digital, phase modulated signal in response to
the phase component signal by dividing the refer-
ence signal by the predetermined multiple and de-
laying a predetermined number of reference signal
cycles.

4. The apparatus of claim 2, wherein the DSDM is op-
erable to receive a reference signal having a fre-
quency four times that of a frequency of the digital
phase modulated signal and to generate the digital
phase modulated signal by dividing the reference
signal by four and delaying by up to three reference
signal cycles in response to the phase component
signal.
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The apparatus of claim 1, wherein the digital phase
modulation unit comprises a Programmable Divide
Modulator ("PDM").

The apparatus of claim 5, wherein the PDM is oper-
able to receive a reference signal and to generate
the digital, phase modulate signal in response to the
phase component signal by dividing the reference
signal using a series of dividers, each divider having
a divide ratio different from the others and activating
a switch to select an output of one of the dividers as
the digital, phase modulated signal.

The apparatus of claim 5, wherein the digital, phase
modulated signal causes the dividers to reset.

The apparatus of claim 1, wherein the delay unit com-
prises a digital delay unit.

The apparatus of claim 1, wherein the delay unit com-
prises an analog delay unit.

A method to digitally producing a modulated RF sig-
nal of a predetermined level comprising:

decomposing a PSK signal into a phase com-
ponent signal and an amplitude component sig-
nal;

producing a digital phase modulated signal from
the phase component signal;

providing a periodic signal;

producing a delay in the periodic signal propor-
tional to the digital phase modulated signal, thus
producing a delayed periodic signal where the
delay is proportional to the digital phase modu-
lated signal;

combining an average power signal with the am-
plitude component signal and producing a sum
signal ; and

coupling the delayed periodic signal and the sum
signal into a Digital Amplitude Modulating Cir-
cuit, ("DAMC") thus producing a modulated ra-
dio frequency (RF) signal.

The method of claim 10, wherein the step of produc-
ing a digital phase modulated signal comprises using
a Delta Sigma Digital Modulator ("DSDM") to pro-
duce a digital phase modulated signal.

The method of claim 10, wherein the step of produc-
ing a digital phase modulated signal comprises using
a Programmable Divide Modulator ("PDM") to pro-
duce a digital phase modulated signal.

The method of claim 10, wherein the step of produc-
ing adelay in the periodic signal delay unit comprises
delaying a periodic signal using a digital delay unit.
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14. The method of claim 10, wherein the step of produc-

ing adelay in the periodic signal delay unit comprises
delaying a periodic signal using an analog delay unit.

Patentanspriiche

Vorrichtung zur digitalen Erzeugung eines modulier-
ten Funkfrequenzsignals (RF-Signals) von vorgege-
bener Hohe, bestehend aus:

einer Signalzerlegungseinheit (1208) zum Emp-
fang eines Phasenmodulationssignals (PSK-Si-
gnals) und zur Zerlegung des PSK-Signals in
ein Phasenkomponentensignal (1212) und ein
Amplitudenkomponentensignal (1204);

eine digitale Phasenmodulationseinheit (1214)
zum Empfang des Phasenkomponentensignals
und zur Erzeugung eines digitalen phasenmo-
dulierten Signal (1216);

einen Signalgeber (1222) zur Lieferung eines
periodischen Signals (1220);

eine Verzégerungseinheit (1218) mit einem er-
sten Input zum Empfang des digitalen phasen-
modulierten Signals und einen zweiten Input
zum Empfang des periodischen Signals und zur
Erzeugung einer Verzoégerung im periodischen
Signal proportional zum digitalen phasenmodu-
lierten Signal, wodurch ein verzogertes periodi-
sches Signal (1228) entsteht, indem die Verz6-
gerung proportional zum digitalen phasenmo-
dulierten Signal ist;

eine Summiereinheit (1200) mit einem ersten In-
put zum Empfang eines Signals von durch-
schnittlicher Leistung (1202) und mit einem
zweiten Input zum Empfang des Amplituden-
komponentensignals (1204), wobei das Signal
durchschnittlicher Leistung mit dem Amplitu-
denkomponentensignal kombiniert ist und wo-
bei ein Summensignal (1137) erzeugt wird; und
eine digitale Amplitudenmodulations-Schaltung
['DAMC"] (1230) zum Empfang des verzégerten
periodischen Signals und zum Empfang des
Summensignals und zur Erzeugung eines mo-
dulierten Funkfrequenzsignals (RF-Signals).

Vorrichtung gemaf Anspruch 1, dadurch gekenn-
zeichnet, dass die digitale Phasenmodulationsein-
heit einen Delta-Sigma-Digitalmodulator ("DSDM")
aufweist.

Vorrichtung geman Anspruch 2, dadurch gekenn-
zeichnet, dass der DSDM so betrieben werden
kann, dass er ein Bezugssignal mit einer Frequenz
empfangt, die ein vorgegebenes Mehrfaches einer
Frequenz des digitalen phasenmodulierten Signals
darstellt und dass er das digitale phasenmodulierte
Signal als Reaktion auf das Phasenkomponentensi-
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gnal erzeugt, indem er das Bezugssignal durch das
vorgegebene Mehrfache teilt und eine vorgegebene
Anzahl an Bezugssignalzyklen verzdgert.

Vorrichtung gemaR Anspruch 2, dadurch gekenn-
zeichnet, dass der DSDM so betrieben werden
kann, dass er ein Bezugssignal mit einer Frequenz
empfangt, die einem Vierfachen der Frequenz des
digitalen phasenmodulierten Signals entspricht, und
das digitale phasenmodulierte Signal erzeugt, indem
er das Bezugssignal durch vier teilt und als Reaktion
auf das Phasenkomponentensignal bis zu drei Be-
zugssignalzyklen verzdgert.

Vorrichtung gemafR Anspruch 1, dadurch gekenn-
zeichnet, dass die digitale Phasenmodulationsein-
heit einen programmierbaren Dividiermodulator
("PDM") aufweist.

Vorrichtung gemafR Anspruch 5, dadurch gekenn-
zeichnet, dass der PDM so betrieben werden kann,
dass er ein Referenzsignal empfangt und das digi-
tale phasenmodulierte Signal als Reaktion auf das
Phasenkomponentensignal erzeugt, indem er das
Bezugssignal durch eine Reihe von Dividierern teilt,
die jeweils eine Dividierrate haben, die von den an-
deren abweicht, und einen Schalter ausl6st, um ei-
nen Output eines der Dividierer als das digitale pha-
senmodulierte Signal zu wahlen.

Vorrichtung gemafR Anspruch 5, dadurch gekenn-
zeichnet, dass das digitale phasenmodulierte Si-
gnal bewirkt, dass sich die Dividierer auf Null stellen.

Vorrichtung gemafR Anspruch 1, dadurch gekenn-
zeichnet, dass die Verzégerungseinheit eine digi-
tale Verzdgerungseinheit darstellt.

Vorrichtung gemafR Anspruch 1, dadurch gekenn-
zeichnet, dass die Verzdgerungseinheit eine ana-
loge Verzdgerungseinheit darstellt.

Verfahren zur digitalen Erzeugung eines modulier-
ten RF-Signals von vorgegebener Héhe, bestehend
aus:

Zerlegung eines PSK-Signals in ein Phasen-
komponentensignal und ein Amplitudenkompo-
nentensignal;

Erzeugung eines digitalen phasenmodulierten
Signals aus dem Phasenkomponentensignal;
Erzeugung eines periodischen Signals;
Erzeugung einer Verzégerung im periodischen
Signal proportional zum digitalen phasenmodu-
lierten Signal, wodurch ein verzégertes periodi-
sches Signal erzeugt wird, indem die Verzdge-
rung proportional zum digitalen phasenmodu-
lierten Signal ist;
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Kombination eines Signals von durchschnittli-
cher Leistung mit dem Amplitudenkomponen-
tensignal und Erzeugung eines Summensi-
gnals; und

Kopplung des verzdgerten periodischen Signals
mit dem Summensignal zu einer digitalen Am-
plitudenmodulations-Schaltung ["'DAMC"], wo-
durch ein moduliertes Funkfrequenzsignal (RF-
Signal) erzeugt wird.

Verfahren gemaf} Anspruch 10, dadurch gekenn-
zeichnet, dass der Verfahrensschritt der Erzeu-
gung eines digitalen phasenmodulierten Signals
daraus besteht, dass ein Delta-Sigma-Digitalmodu-
lator ("DSDM") eingesetzt wird, um ein digitales pha-
senmoduliertes Signal zu erzeugen.

Verfahren gemaf Anspruch 10, dadurch gekenn-
zeichnet, dass der Verfahrensschritt der Erzeu-
gung eines digitalen phasenmodulierten Signals
daraus besteht, dass ein programmierbarer Dividier-
modulator ("PDM") eingesetzt wird, um ein digitales
phasenmoduliertes Signal zu erzeugen.

Verfahren gemaf Anspruch 10, dadurch gekenn-
zeichnet, dass der Verfahrensschritt der Erzeu-
gung einer Verzdgerung in der periodischen Signal-
verzogerungseinheit daraus besteht, dass ein peri-
odisches Signal mit einer digitalen Verzogerungs-
einheit verzoégert wird.

Verfahren gemaf} Anspruch 10, dadurch gekenn-
zeichnet, dass der Verfahrensschritt der Erzeu-
gung einer Verzogerung in der periodischen Signal-
verzogerungseinheit daraus besteht, dass ein peri-
odisches Signal mit einer analogen Verzogerungs-
einheit verzdgert wird.

Revendications

1.

Dispositif destiné a produire par voie numérique un
signal HF modulé d'un niveau prédéterminé,
comprenant :

une unité de décomposition de signal (1208)
destinée a accepter un signal de modulation par
déplacement de phase (PSK) et a décomposer
le signal de modulation PSK en un signal a com-
posante de phase (1212) et en un signal a com-
posante d’amplitude (1204),

une unité de modulation de phase numérique
(1214) destinée a accepter le signal a compo-
sante de phase et a produire un signal a modu-
lation de phase numérique (1216),

un générateur de signal (1222) destiné a fournir
un signal périodique (1220),

une unité a retard (1218) ayant une premiere
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entrée destinée a accepter le signal @ modula-
tion de phase numérique et une deuxiéme en-
trée destinée a accepter le signal périodique et
a créer un retard dans le signal périodique pro-
portionnel au signal a modulation de phase nu-
meérique, en produisant ainsi un signal périodi-
que retardé (1228) en ce que le retard est pro-
portionnel au signal a modulation de phase nu-
mérique,

une unité de sommation (1200), comportant une
premiéere entrée destinée a accepter un signal
de puissance moyenne (1202) et comportant
une deuxiéme entrée destinée a accepter le si-
gnal a composante d’amplitude (1204), grace a
quoi le signal de puissance moyenne est com-
biné au signal a composante d’amplitude et gra-
ce aquoi un signal de somme (1137) est produit,
et

un circuit de modulation d’amplitude numérique
("DAMC") (1230) destiné a accepter le signal
périodique retardé et a accepter le signal de
somme et a produire un signal en haute fréquen-
ce (HF) modulé.

Dispositif selon larevendication 1, dans lequel I'unité
de modulation de phase numérique comprend un
modulateur numérique Delta Sigma ("DSDM").

Dispositif selon larevendication 2, dans lequel le mo-
dulateur DSDM peut fonctionner pour recevoir un
signal de référence présentant une fréquence cor-
respondant a un multiple prédéterminé d’'une fré-
quence du signal a modulation de phase numérique
et pour générer le signal a modulation de phase nu-
mérique en réponse au signal a composante de pha-
se en divisant le signal de référence par le multiple
prédéterminé et en retardant d’'un nombre prédéter-
miné de cycles de signal de référence.

Dispositif selon la revendication 2, dans lequel le mo-
dulateur DSDM peut fonctionner pour recevoir un
signal de référence présentant une fréquence cor-
respondant a quatre fois la fréquence du signal a
modulation de phase numérique et pour générer le
signal a modulation de phase numérique en divisant
le signal de référence par quatre et en retardant jus-
qu’a trois cycles de signal de référence en réponse
au signal a composante de phase.

Dispositif selon larevendication 1, dans lequel 'unité
de modulation de phase numérique comprend un
modulateur de division programmable ("PDM").

Dispositif selon la revendication 5, dans lequel le mo-
dulateur PDM peut fonctionner pour recevoir un si-
gnal de référence et pour générer le signal a modu-
lation de phase numérique en réponse au signal a
composante de phase en divisant le signal de réfé-
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rence en utilisant une série de diviseurs, chaque di-
viseur présentant un rapport de division différent des
autres et activant un commutateur pour sélectionner
une sortie d’'un des diviseurs en tant que signal a
modulation de phase numérique.

Dispositif selon la revendication 5, dans lequel le si-
gnal a modulation de phase numérique améne les
diviseurs a se réinitialiser.

Dispositif selon la revendication 1, dans lequel 'unité
a retard comprend une unité a retard numérique.

Dispositif selon larevendication 1, dans lequel I'unité
a retard comprend une unité a retard analogique.

Procédé destiné a produire par voie numérique un
signal HF modulé d'un niveau prédéterming,
comprenant :

la décomposition d’un signal PSK en un signal
a composante de phase et en un signal a com-
posante d’amplitude,

la production d’un signal a modulation de phase
numérique a partir du signal a composante de
phase,

la fourniture d’un signal périodique,

la production d’un retard dans le signal périodi-
que proportionnel au signal a modulation de
phase numérique, en produisant ainsi un signal
périodique retardé ou le retard est proportionnel
au signal a modulation de phase numérique,
la combinaison d’un signal de puissance
moyenne avec le signal a composante d’ampli-
tude et la production d’un signal de somme, et
le couplage du signal périodique retardé et du
signal de somme dans un circuit de modulation
d’amplitude numérique ("DAMC"), en produi-
sant donc un signal en haute fréquence (HF)
modulé.

Procédé selon la revendication 10, dans lequel I'éta-
pe de production d’un signal a modulation de phase
numérique comprend l'utilisation d’'un modulateur
numérique Delta Sigma ("DSDM") pour produire un
signal a modulation de phase numérique.

Procédé selon la revendication 10, dans lequel I'éta-
pe de production d’un signal a modulation de phase
numérique comprend l'utilisation d’'un modulateur de
division programmable ("PDM") pour produire un si-
gnal a modulation de phase numérique.

Procédé selon la revendication 10, dans lequel I'éta-
pe de production d’'un retard dans l'unité a retard de
signal périodique comprend le fait de retarder un si-
gnal périodique a l'aide d’'une unité a retard numé-
rique.
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14. Procédé selon larevendication 10, dans lequel I'éta-
pe de production d’un retard dans l'unité a retard de
signal périodique comprend le fait de retarder un si-
gnal périodique en utilisant une unité a retard ana-
logique.
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